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7KH FDUELGH FRPSRVLWHV DUH EHVW NQRZQ IRU WKHLU KLJK KDUGQHVV HYDOXDWH EHQGLQJ VWUHQJWK DQG H[FHVVLYH FHUDPLFOLNH
EULWWOHQHVV7KHWLWDQLXPFDUELGHEDVHGFDUELGHFRPSRVLWHV7L&EDVHGFHUPHWVDUHSURVSHFWLYHFDQGLGDWHVIRUWRROLQJLQVKHHW
PHWDOIRUPLQJVWDPSLQJSURFHVVHV7KHZHDUUHVLVWDQFHDGKHVLYHDQGIXQFWLRQDORIVRPH7L&)H1LFHUPHWVLVEHWWHUWKDQWKDW
RI KDUGPHWDOV 3UHYLRXV VWXGLHV KDYH VKRZQ WKDW 7L& FDUELGH JUDLQV EHWWHU DEVRUE SODVWLF GHIRUPDWLRQ GXULQJ F\FOLF ORDGLQJ
IDWLJXHDQGKDYHORZHUIDWLJXHVHQVLWLYLW\LIFRPSDUHGWRWXQJVWHQFDUELGHJUDLQVLQFRQYHQWLRQDOKDUGPHWDO:&&R
7KH FRUHULP GRXEOHFDUELGH VWUXFWXUH RI WKH FDUELGH JUDLQV LV FKDUDFWHULVWLF IRU 7L&EDVHG FHUPHWV 7KH HIIHFW RI FRUHULP
VWUXFWXUHRQWKHEHKDYLRURIWKHFHUPHWVLVSRRUO\LQYHVWLJDWHG6XFKDVWUXFWXUHLVKLJKO\GHSHQGHQWRQWKHSURGXFWLRQWHFKQRORJ\
SRZGHUPHWDOOXUJ\URXWHVDVWKHGLIIHUHQFHEHWZHHQWKHFRHIILFLHQWVRIWKHUPDOH[SDQVLRQRIFRPSRQHQWVLVREYLRXVFDXVHRI
KLJK UHVLGXDO VWUHVVHV DSSHDULQJ DIWHU VLQWHULQJ RISUHVVHGSRZGHUSDUWV$OWKRXJK WKH WKHUPDO H[SDQVLRQFRHIILFLHQWV RI7L&
EDVHGFHUPHWVDUHORZHUWKDQWKRVHRI:&EDVHGKDUGPHWDOV
7KHLQVWUXPHQWHGLQGHQWDWLRQWHFKQLTXHLVXVHGWRGHWHUPLQHWKHVFRSHRIUHVLGXDOVWUHVVHVLQ7L&EDVHGFHUPHWV7KHILUVWVWHSV





7KHXVHRI LQGHQWDWLRQ WHFKQLTXHV IRUPHFKDQLFDOSURSHUWLHV KDUGQHVV IUDFWXUH WRXJKQHVVHYDOXDWLRQRIEULWWOH




DELOLWLHV UHVWULFWLRQV DQG DFFXUDF\ RI LQGHQWDWLRQPHWKRGV > @7KHPHWKRG IRUPHDVXULQJKDUGQHVV DQG HODVWLF
PRGXOXV E\ LQVWUXPHQWHG LQGHQWDWLRQ WHFKQLTXHV KDV ZLGHO\ EHHQ DGRSWHG DQG XVHG LQ WKH FKDUDFWHUL]DWLRQ RI
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,QVWUXPHQWHG LQGHQWDWLRQ WHVWV UHVXOWV KDYH VKRZQ VWHHS GHSHQGHQFH RQ WKH ORDG 7KH PDWHULDOV LQGHQWDWLRQ
KDUGQHVVDQGLQGHQWHUSHQHWUDWLRQGHSWKDUHLQOLQHDUGHSHQGHQFHVIURPLQGHQWDWLRQORDG>@7KHDQDO\VHVRIWKH
VWUHVVHVKDYHDOVRUHYHDOHGVDPHGHSHQGHQFHRIUHVLGXDOVWUHVVHVRQWKHLQGHQWDWLRQORDGGXULQJLQGHQWDWLRQ>@
7KH VWUHVV PHDVXUHG E\ LQVWUXPHQWHG LQGHQWDWLRQ WHFKQLTXH LV WKH DFWXDO UHVSRQVH RI WKH PDWHULDO WR WKH
LQGHQWDWLRQ KDUG DQG VWLII LQGHQWHU SHQHWUDWLRQ LQWR WKH PDWHULDOV VXUIDFH 7KH VWUHVV ILHOG JHQHUDWHG E\ WKH
LQGHQWDWLRQSURFHVVLVKHWHURJHQHRXVDQGOHDGVWRSODVWLFGHIRUPDWLRQDQGGDPDJHLQWKHYLFLQLW\RI WKHWLS8VLQJ
+HUW]¶VWKHRU\WKHVSDWLDOGHSHQGHQFHRIWKHVWUHVVFRPSRQHQWVGXULQJLQGHQWDWLRQFDQEHHVWLPDWHGE\FRQVLGHULQJ
WKH HODVWLF FRQWDFW RI D VSKHULFDO LQGHQWHUZLWK D VHPLLQILQLWHKDOI VSDFH )RU D%HUNRYLFK WLS WKH UDWLR EHWZHHQ












7KH UHVXOWV RI LQGHQWDWLRQKDUGQHVVPHDVXUHPHQWVSHUIRUPHG RQ D UDQJH RI EULWWOH VROLGV GHPRQVWUDWH WKDW WKH
LQGHQWDWLRQSUHVVXUH LV LQGHQWHU VKDSH LQVHQVLWLYH RYHU D ZLGH UDQJH RI JHRPHWULHV2EVHUYDWLRQV DQG QXPHULFDO




RI WKHPDWHULDO LWVDELOLW\WRZLWKVWDQGLQGHQWDWLRQLQFUHDVHVDVZHOODQGOHDGWR WKHODUJHUDPRXQWRI WKH UHVLGXDO
VWUHVVWRUHVLVWWKHSHQHWUDWLRQRIWKHLQGHQWHULQWRPDWHULDO
7KH ILUVW DWWHPSWV WRPHDVXUH WKH UHVLGXDOVWUHVVHV LQEULWWOHPDWHULDOVZHUH WDNHQPDQ\GHFDGHVDJRDQGDOORI
WKHP DUH LPSOHPHQWHG E\ FRPSDULVRQ RI VWUHVVHG DQG VWUHVVIUHH VSHFLPHQV >@ 5HFHQWO\ WKH )( PRGHOLQJ
PHWKRGZDVSURSRVHG IRU GHWHUPLQDWLRQ RI UHVLGXDO VWUHVVHV IURP VWUHVVHG VSHFLPHQZLWKRXW QHHG RI FRPSDULVRQ
ZLWKVWUHVVIUHHPDWHULDO7KLVPHWKRGLVIRXQGWREHUHOLDEOHDQGDSSOLFDEOHIRUEULWWOHPDWHULDOVDOVR>@
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EHFDPHYHU\GLIILFXOW WRPDNHRXW WKH LQGHQWVZLWKGLDJRQDO VL]H VPDOOHU WKDQȝP VHH)LJDQG$QRWKHU














&R KDUGPHWDO DUH LQYHVWLJDWHG 7KH PDLQ PHFKDQLFDO SURSHUWLHV DORQJ ZLWK FRPSRVLWLRQ DQG PLFURVWUXFWXUDO
SDUDPHWHUVFDQEH IRXQG IURP7DEOH$OOPDWHULDOVZHUHSURGXFHG LQ3RZGHU0HWDOOXUJ\/DERUDWRU\DW7DOOLQQ
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+ :& &R 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    
67 7L& )H1L      
7$ 7L& 1L0R      

)LQDOO\VSHFLPHQVZHUHJURXQGDQGSROLVKHGRQFORWKZLWKȝPGLDPRQGSDVWHWRDVXUIDFHURXJKQHVVRIDERXW
5D ȝPRQ WZR VLGHV PHDVXUHGDORQJPPRI WKHVSHFLPHQE\ WKH6XUWURQLF DSSDUDWXVXVLQJ&5 ILOWHU
2SSRVLWHJURXQG IDFHVZHUHSDUDOOHOZLWKLQPP ,QRUGHU WR UHPRYH VXUIDFHFRQWDPLQDQWV WKH VDPSOHVZHUH
FOHDQHGLQDOFRKRODQGGULHGE\FRPSUHVVHGDLU
7KHUPDOUHVLGXDOVWUHVVHV
$V WKHKDUGPHWDOV DQGFHUPHWV DUH WKHFDUELGHFRPSRVLWHPDWHULDOVFRQWDLQLQJ WZRYHU\GLIIHUHQWSKDVHVZLWK











7KH ODUJHVW WKHUPDO VWUHVV LV FDOFXODWHG WR DSSHDU LQ7$FHUPHW HTXDO WRFRPSUHVVLYH*3D7KH ORZHVW
WKHUPDOVWUHVVLVIRXQGWREHLQ+KDUGPHWDO*3DDQG67FDQFRQWDLQUHVLGXDOWKHUPDOVWUHVVDVKLJK
DV*3D'HSHQGLQJRQVXUIDFHWUHDWPHQWDQGKDUGPHWDOFRPSRVLWLRQWKHWRWDOFRPSUHVVLYH UHVLGXDOVWUHVVFDQ





LGHD LV TXLW VLPSOH 7KHUH LV D GLIIHUHQFH EHWZHHQ YDOXHV RI WKH SURMHFWHG FRQWDFW DUHD $ IRXQG IURP WKH
IXQGDPHQWDOUHODWLRQVKLS

+ 3$  
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DQGSURMHFWHGFRQWDFWDUHD$FFDOFXODWHGXVLQJWKHLQGHQWDWLRQUHVXOWVE\

$F KI  
:HH[WUDFWWKHUHSUHVHQWDWLYHVWUDLQİ5IURPGLIIHUHQFHLQWKHSURMHFWHGFRQWDFWDUHDYDOXHVDFFRUGLQJWR

İ5 $F$$  
2JDVDZDUDHWDO VKRZHGWKDWDEVHQW UHVLGXDOVWUHVVWKHRSWLPXPYDOXHRI WKH UHSUHVHQWDWLYHVWUDLQIRUD
%HUNRYLFKLQGHQWHULVİ5 7KLVYDOXHLVDVSHFLDOFDVHYDOLGIRUıUHV ,IWKHUHSUHVHQWDWLYHVWUDLQDSSURDFKLV




3ORWWLQJ WKH WHVW DQG FDOFXODWLRQ UHVXOWV RQ WKH SORW ZLWK D[HV KDUGQHVV + DQG UHSUHVHQWDWLYH VWUDLQ İ5 ZH
UHFHLYHORJDULWKPLFGHSHQGHQFHIURPZKLFKWKHRSWLPXPYDOXHFDQEHIRXQGDWWKHKDUGQHVVHTXDOWR]HUR1RZWKH










Sı\ OQȕ  
DQG







ȕ ED 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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7KHUHVXOWVRIUHVLGXDOVWUHVVHVFDOFXODWLRQVDUHVKRZQLQWKHWDEOH
7DEOH5HVXOWVRIWKHUHVLGXDOVWUHVVDQDO\WLFDOSURFHGXUHIRULQGHQWDWLRQDWP1
*UDGH 5HODWLYHSODVWLF]RQHȕ <LHOGVWUHVVı\03D 5HVLGXDOVWUHVVıUHV03D
+   
67   























)URP)LJE LWFDQEH VHHQ WKDW WKHSODVWLFDOO\GHIRUPHG]RQHVL]H LVTXLWH ODUJHDQGDW WKDWSDUWLFXODUFDVH LV
DURXQGȝPZLGHU WKDQ LQGHQW VL]H7KHKHLJKWRI WKHSLOHXS LV DERXW QP WKDW










KDUGPHWDO DV UHIHUHQFHPDWHULDOKDYH VKRZQ WKDW WKLV VLPSOH WHFKQLTXH LV DSSOLFDEOH IRU EULWWOHPDWHULDOV5HVXOWV
DSSUR[LPDWLRQIRULQGHQWDWLRQVRIKLJKHUORDGVOLNH9LFNHUVDQGNJIDUHTXLWHDGHTXDWHDQGDUH
*3D FRPSUHVVLYH VWUHVV IRU +  *3D IRU 67 DQG  *3D IRU 7$$V ZH FDQ VHH WKH
PDJQLWXGHRI WKHREWDLQHG UHVLGXDO VWUHVVHV IRU DOOPDWHULDOV DUH LQ JRRG DJUHHPHQWZLWK WKHRUHWLFDO YDOXHV RI WKH
WKHUPDOVWUHVVFDOFXODWHGSUHYLRXVO\7KHORZHUYDOXHVRIWKHUHVLGXDOVWUHVVHVIRUQDQRLQGHQWDWLRQFDQEHMXVWLILHGE\
WKHIDFWRIPDWHULDOUHVSRQVHWRLQGHQWDWLRQORDG:LWK LQFUHDVHRIORDGWKHHIIHFWRIUHVLGXDOVWUHVVHVZLOOEHPRUH







:&SDUWLFOHDUH UHSRUWHG WRGLVWULEXWH IURPKLJKFRPSUHVVLRQ WR WHQVLRQ >@:HREWDLQHG WKHGLVWULEXWLRQRI WKH
UHVLGXDOVWUHVVHVLQWKHFRUHULPVWUXFWXUHVRIWKH7L&FDUELGHJUDLQV7L&0R&IRU7$FHUPHWDQG7L&)H&IRU
67 FHUPHW IURP FRPSUHVVLRQ WR WHQVLRQ OLNH LW ZDV SUHYLRXVO\ VKRZQ IRU:& FDUELGH 8QIRUWXQDWHO\ WKH













UHSUHVHQWDWLYH VWUDLQ İ5 DULVLQJ GXULQJPDWHULDO WHVWLQJ UHVSRQVHRI WKHPDWHULDO WR LQGHQWDWLRQ GHSHQGHQFH IURP
UHVLGXDOVWUHVVıUHV7KHUHVLGXDOVWUHVVFDOFXODWLRQFDQEHGRQHE\LQGHQWDWLRQUHVXOWVRIRQO\RQHVSHFLPHQ7KHUHLV
QRQHHGIRUFRPSDULVRQZLWKVWUHVVIUHHVSHFLPHQDV LW LVDVVXPHG IRURYHUUHVLGXDOVWUHVVGHWHUPLQDWLRQPHWKRGV
7KHPDLQ DVVXPSWLRQ RI İ5 RI VRPH YDOXH LV FKDUDFWHULVWLF WRPDWHULDO DW WKH VWUHVV IUHH VWDWH ıUHV   LV XVHG LQ
FDOFXODWLRQ5HODWLYHO\ODUJHQXPEHURILQGHQWDWLRQVDWWKHGLIIHUHQWORDGVPXVWEHFRQGXFWHGWRREWDLQPRUHSUHFLVH
UHVXOWV










0HWDOOXUJ\ /DERUDWRU\ RI 7DOOLQQ 8QLYHUVLW\ RI 7HFKQRORJ\ IRU SURYLGLQJ WKH WHVW PDWHULDOV DQG SHUVRQDO
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